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closed ^ « ^ of other ^ to assist in adjust*. 

15 of such thiusters for use on sai ^ desired 

positions when in orbit around the earth to mo 

, , ^^cn.cecraft during long missions. 
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Ba£toQUnd^ £Jl ^^ „ ^lar accelerating 

.•sir: 

located, *Mtt>» tl,ec,0,e<, Me^isprovkied for introducing a 

propel^ f« — •» — ■* Km** 

^ electrons emttedfro^^ ^ ^ taro to 

m eiearons . . -^wtwrt*.-*- •»» 

.ajectory, nccnmnWag energy as they gndnauy 
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* the electrons collide with atoms of the V*****- 
regi „„ M » -* * ioos „ b, the 

— --^~i^*-L As rahzed by those 
mther than circumferential with respect to 

10 for convenience to aescnucu- 

characteristics of such devices n* -^ntes of these devices have 

£ the e^ - — ^Ti-^P-.- 
^^WUtatboteaseto^J ofaanresols 

25 and the geometric axis. developed a thrust 

toldati »e mphh.de of thnts,. orb, *e oseo 
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a me of two thnisters is expensive 

5 swivel mechanism. 

^rl becnL deliberately in a dynamically changeable ha. so 
, limsallgom ent can he creaieu indicating a 

desired change in the direction of thrust. 

10 SummaiyjOiy^ ^ is orovidec a Hall effect thruster 

According to the invention there is provioeo 

comprising a cna. d raeans for introducmg a 

- a Hnsed end to an open enu, ■» bu " 

^ 2 LT» » «- «— of the n« - 

dtactoooftlmBt. beposfl* to steer 

It is believed that by employing this technique it will do po 

too ^rof te ^^^» 5 ^ tomtoeeoB t; : 

^d^deflecOonisbebeved 
, *4 M n»v reduced to an acceptable ievei uy 

r w "tirrh.c^y--— • 
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« done of the inner wall would be possible. 
Mtenatively.thedes.gn may be such tfta 

— - 

^ * anode and this anode a-*-* — 
5 thro » 8 h or in *e reg«>» of an » ^ to -* - 

m*,** thewayarouppued, »• ^ fc 

10 channel. ^ ^ efnaaK<1 by a cental source of 

15 variauon of the inagncuv 

^ rhrrargh •* «— » «-»— >— 

It prefera blv has a circular 

andto =^t«*»c 0 velyto* e u K n* wlBie ooter magnenc 

^.an*^,^ J ^seoUisp^nblyloca^ 
ctornferennally around the a»s ot (lie 
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. , *^ mftffne tic body between the magnetic body and an 
radially to the inside of the magnetic ooay u rl/1Jnthe 
associated screening ccmponait which serves to reduce the magnetic field in the 
rZ.«*e. ^^n^^nra^fon^wi^s^ 
^umferentiaU, asonnd H so tnat die magnetic po>e which . defines .of to 
tody between the gsps. of these sub-poms haa an assocuted 
eteeaica. coil ex^Kiing _t i. and passing threngh ft. g**. * steenng 
meals varies the respective elearic currents through the differ coda so as to 
fcflect the direction of thro* during operation of the toster. 
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Hiiffrr-irriiilitiii" fnra °' i ° B , ., h 

Oue w„ of perfbreting "venfion «U1 now be desenbed w*h 

reference to the accompanying drawings in which: 

Figure 1 ffluartuea, In schem.de form, a known technique for sfcenng 

^Figure 2 ia an IBustiation similar to Figure 1, but showing schematically 
. saenite amnged to be steered using , technique in accordance with the 

"^F^raapersp^vevi^ 

i, accordance -id, .he invention and illuarated as if cn. tisreughits 

Otameer to reveal features of internal construction; 

F ^4iaac < os S - S ee n ondm»ghd«aai S X.XofFigure3ahowmgd.e 

Mgnetic components only and lines of magnetic force; 

Figure 5 is a plan view of the components shown in Figure 4 but showtng 
a design v^intion in which .he magnetic polea are divided imo four sepanre 
parts; and 

„ Figmeeia.schematicviewman^embcdimemofdminve.uo. 
ta which rhe gap berween *. walls of d* tiunsrer is larger ne* .he magnedc 
poles than elsewhere. 
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, m this wav the direction of thrust can 
be adjusted ttawghatotal angle ofuptoiuagrc* 
U, broken lines. b genen n y symmetrica. 

3 ~ ' ^ chara>el 20 defined 
. v y it comorises an annular acccioiam 6 
5 * ot an»»X-X. ttcomp , end 

^^■da—lLa-P-" ' ^^^^ 
m " - *— ** ^ m 

** * r n ~- » . «»— - ^ - b 10 pK,vi * a 

10 downstream ends and the outer wall" 

sUghdyfl^^endofthecha^L ^ Mta 

Aithewstreamendofthet^ttheretskw^ee 
Attheupsneam tovi „ , grove attending conunuously 

t. tonn of a hoDow mm -» ^ 7 „ ^ p^ta 

20 A , of ^ chan „el 20. This cathode is supphed with 

xenon gas through a conned mae0 etically separate 

. , ^ nr oq The magnetic system includes two magnetic^ ^ 
rtX-^-^an^^SOB^- 

roeroonlSiswoun ^^^^^^ w downstream end 
doekwise direction as viewed from die downstream 
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of the cylindrical part 3 1 is a radially outwardly extending end-piece in the form 
ofaflange 32 which defines at its free edge a first, circular pole 33 (magneUc 
^oftheinner magnetic yoke. Mother end-piece in the form of a radraUy 
hardly extending fll supports a cylindrical waU 35 which partly encloses the 
inner coil 32 and defines a second (magnetic north) pole at its free edge 36, as 

seen best on Figure 4. 

Tbe outer yoke 30B is formed by a cylindrical w*11 37 coax*. w«h .he 

.xisX-X^h^g.ci^rimMof™.^- «' s 
b, four *. or gaps 39 (Figure 3) saving u, divide to rim 38 mtm 
^ seaors 38A, 38B, 38C and 38D. B* of these sec.ors to a Mr. 

— — * Iheses^eriog coils -efte same cods as are 
sbown at 18, 18/, 19. .9/ on KguK 2 and d^ are annnged so that cur-en. 
pa ^c^a^o n eand^c k *a™e»»ndd,eopposi««,d. AM 

bisectors of .he rim 38. This flange 40 is circular and bndges the gaps 
^cen the rim 38. It is shown paril, breken away on Figure 3 1 so as to 
^underlying,"- - d-r. ramafly inner, edge of the flange* 

seen on Figure 4, sligbtty downstream of die magnetic south pole 33 of the body 

^diug chcular flange 4, which in « exrends M> a cyhndnca, wall 42 
^ wim the axis X-X. Tbe walls 37, 4. and 42 define . enclosure wmc 
^ a main outer cod .7 (also sbown on Figure 2) which is wound around 
Ae W1 U 42 and is conned so u* currem flows in me direcrion shown m 
5 Fi6 ure 4 such as to c«a« » magnetic so«h pole a, ,he downareanr edge 43 of 

Figure 4 shows the lines of mp*> field when current . pusamg 
^ g b«hehu»codl6^^ou«c 0 U17bu.no,m™ghtl*^gcods 
Tai »-»*• ItwUl be seen frem Figure 4 ^fl^offa-b^weenu. 
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poles 33 and 44 results in the magnetic field being tilted in an annular 
accelerating zone 45 where, in operation, the ions are accelerated. This tilt of 
the magnetic field causes the ions to be accelerated in a direction shown by the 
anows V towards the axis X-X. The purpose of this is to limit the divergence 
of the resulting plume of ions from the thruster. A point worth noting is that the 
cylindrical walls 35 and 42 serve to screen the area 45/ where the anode is 
located from the effects of the magnetic field. 

Operation of the illustrated thruster is as follows. Electrons are emitted 
from the cathode 27 and are divided into two streams. One stream of such 
electrons is attracted towards the anode 24 into the annular channel 20. The 
radial component of the magnetic field within the channel causes the electrons to 
travel in a circumferential direction, gradually drifting in an axial direction 
towards the anode. In the region 45/ of the anode, where there is only minimal 
magnetic field, the electrons, having acquired energy during their spiral 
movement down the channel, cause ionization of the propellant gas supplied 

along the pipe 25. 

The resulting ions, which are positively charged, are accelerated in a 
downstream direction by an electric field produced by a potential difference of 
about 300 volts, between anode and cathode. Because of their relatively high 
mass, as compared with the mass of electrons, the propellant ions are not greatly 
influenced by the magnetic field. There is however some such influence and the 
inclined nature of the magnetic field in the accelerating region 45 between poles 
33 and 44 causes the stream of ions, issuing from the downstream end of the 
thruster, to tend to converge in thethrough the coils 18, 18/, the effect of the 
magnetic field on the ions issuing from one side of the thruster is increased 
because the magnetic field strength there is increased, whilst the effect is 
decreased on the opposite side of the thruster. Thus a deflection in the direction 
0 ftiieveclorisachievedasshownatV/andV//onFigure4. By controlling the 
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as,***, of ftms.au, be displaced in anydnecUon. 

U was m«uo.ed earlier ft* fte elects emihed from fte caftode 27 
were divided huo two saeams and that one of these saeams emered fte 
.^cfcumel. Ueofter^ofe^.eifecdve^trataefte 

ions as fte, are e^ tm fte »« - - - - « — 
recharge on fte ftmaer. 

eeLic wall 22, caused b, scoring of fte Onus. v««or, is reduced by fte 
^ or fte confer 22a, whilst trfucuou in erosion of fte cort.spo.dmg 

ed^-rfftein^waUMia^W^^"^"^^ 0 " 
^ W d»«* re spo«flngcnamfe«dedgeoffteou te rwan22. 

M ^•--<•.■----»*-''••■ , * , "" <, ' 
te «p* bodies 30. and 30b are magneucau, separ^e, each cons4i«in|» 

, , is to o*in fte reined magnetic cherishes w,«tun the 

^ wift a wide variety of diffetem ove^ dun^ons of * 

. HOT^ftomftosedimenstonssbowninF«ures3aiid4. for 

mgMdc system, dnTerentfiommose 

e»mp>e, it is predicted that it will now be possible to manufacture Hafl effect 
,0 udfan^rforviceversa.Aftms.er-fterefo.nowbe^w.cb 

makes b«ter use of ***** space on a «■» or «r * tauncmng v*nde 
^mde^fte^n^s^ft^eisdividedby^s^ 

outer magnedc north pole is similarly divided into four aegments ». «, » 
^ ^thanfte much largess^ or gaps 39 which accommotfcte fte 

^ertng coiU 18, W. ». «• » — '» n,, ^ ^ T* 
JZ-*— — *— *— ' This design vartatton 
shown in Hgure 5 provides impK»ved steering capnbnny. 
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Frgureooep j^jo. The distance between 

. • - «»««na A combination of chamfering, as seen <u 
a**-**-* fc ^ „ fc e.anne, 20, a, shown in Figure 

3, and varying the gap between the walls oi 

Z »' — va*» vanattons - 

T m ito four separate sectors corresponding with the 

"TttlrtL w^befortheconntobe^onthe 
north poles. Another van- , ma4Mlft ti c wall 37. Another 

incirip of the cylindrical magnetic wau j.. 

tendon and this appbcadon is intended to cover an, vanattons, uses, 
J^suchdep^f-depresent^reasccnnew^^wn 
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,ppHed ,o the essential M~ 1— *- * f <"*' - M M ** 
scope of the invention and the limits of the appended clam* 
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CLAIMS 

That which is claimed is: 

! l. In a Hall effect thraster comprising a channel extending around an 

2 axis (X-X) of the thruster and extending in an axial direction from a closed end 

3 to an open end, means for introducing a propellent into the channel and means 

4 for applying an axial electric field and a radial magnetic field so as to cause 

5 ionization of the propellant and acceleration of the resulting ions from the open 

6 end of the channel, the improvement comprising: 

7 steering means for varying the magnetic field in response to a steering 

8 signal (SIG) thereby changing the direction in which the ions are 

9 acce ierated and therefore the direction of thrust. 

! 2. A thruster according to claim 1 , characterized in that the channel 

2 is flared outwardly at a downstream end of the channel to reduce erosion of its 

3 outer surface. 

! 3. A thruster according to claim 2, characterized in that the steering 

2 means allows a modification of the magnetic field independently along two axes 

3 located in a plane perpendicular to a geometric axis of the thruster. 

! 4. A thruster according to claim 3, characterized in that the steering 

2 means comprises two pairs of magnetic coils, one on each of two opposite sides 

3 ofthethruster, connected so that the electric current passes through the coils in 

4 dependence on the steering signal SIG. 
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5 A thruster according to claim 4, further including: 
wo pairs of magnetic coils arranged to control the direction of thrust in 
respective orthogonal directions. 

«, va, the respective cortems ttaough the diflere* coils. 

7 A4 ^«^tocto6,i»«hJd ll he«^m^hod, 
todudes a circular pole piece which bridges fte aid gap*. 

8 A d m9 ««^toclaim6,inwhichtheo«termag»eUchody 

3 ^^^^een^^U.d.echcun.fe^o^o. 

4 than the gaps. 

, 9 . A u Ba ^ a ccordh*u>eto8,h 1 el»dm g .n,ainc O Uex«0di»g 

2 ^ mfere «iaBy«iIht«P^tothe<»Ker m ^e«cbod,. 

10 A thnister according to claim 9, in which the gaps are slots 
3 outer magnetic body . 
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! ll. A thiuster according to claim 1 , characterized in that the steering 

2 means allows a modification of the magnetic field independently along two axes 

3 located in a plane perpendicular to a geometric axis of the thruster. 

1 12. A thruster according to claim 1 1 , characterized in that the steering 

2 means comprises two pairs of magnetic coils, one on each of two opposite sides 

3 of the thruster, connected so that the electric current passes through the coils in 

4 dependence on the steering signal SIG. 

1 13. A thruster according to claim 1 , characterized in that the steering 

2 means comprises two pairs of magnetic coils, one on each of two opposite sides 

3 of the thruster, connected so that the electric current passes through the coils in 

4 dependence on the steering signal SIG. 

1 14. A thruster according to claim 4, characterized in that the means 

2 for steering the magnetic field comprises inner and outer magnetic bodies 

3 defining opposite magnetic poles and located respectively to the inside and 

4 outside of the channel, the outer magnetic body extending around the channel and 

5 being formed with gaps so that the magnetic pole which it defines is divided into 

6 individual sub-poles each extending around an arcuate portion of the magnetic 

7 body and having an associated electrical coil, the steering means being effective 

8 to vary the respective currents through the different coils. 



1 

2 



15. A thruster according to claim 14, in which the outer magnetic 
body includes a circular pole piece which bridges the said gaps. 
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« t< ;„ which the outer magnetic 

direction than the gaps. 
3 outer magnetic body. 
3 outer magnetic body. 

; ^^»«*^•° ,,K " ,BI ■ ,,ag,,tticbod, • 

in which the gaps are slots 

3 outer magnetic body. 
3 outer magnetic body. 
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25 A thruster according to claim 6, in which the gaps are slots 
« in an «U> direction atong pan * no. aU of the atial leogd. of the 



1 

2 



1 

2 

3 outer magnetic body. 



1 

2 
3 

1 

2 



to claim 14, in which the gaps are slots 
26 A thruster according to cuum it, 

-.1 rfi^ction along part but not all of the axial length of the 
extending in an axial direction aiong p<u 

outer magnetic body. 

27 A^ac^gu.cbhntMuoi.gamarecoaexre.ai.g 
cteoreferenually rtfe respect to the oarer magnetic body. 

28 a thruster according to claim 8, in which the gaps are slots 



1 

2 

3 outer magnetic body 



^.^g^ad^UnesreeHngm-^el^wheretorMncee^on 



1 

2 

3 of its outer surface. 
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30 Afta ^«^iodto29,d«^ta«^^ 
m eansallowsa modification of me magnetic field independently along two axes 
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nn^d so that the electric current passes through the cods in 
of the thruster, connected so tnai uic » 

dependence on the steering signal SIG. 

32 A thruster according to claim 31, further including: 
repairs of magnetic coils arranged to control the direction of thrust rn 
respective orthogonal directions. 

t0 v^y the ounen^ tough different c^. 

W, Mudes a circohr poie ph. which bridges the said gaps. 

35 Abater according » claim 34, in which .he oWernugnetic 

^g^-^^ beWeCT,tonS,Mlle ' i,,,he 
4 direction than the gaps. 

2 circumferentiaUy with respect to the outer magnetic body. 
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! 37 A thnister according to claim 36, in which the gaps arc slots 

2 extending in an axial direction along part but not all of the axial length of the 

3 outer magnetic body. 

, 38. A satellite or other spacecraft or space platform compristag a 

2 thruster according «o claim 1, means for producing a steering signal SIG 

3 Moating a thrua vector required to be applied to the satellite, spacecraft or 
. r th* stftftrine sienal to the steering means 



platform, and means for applying the steering signal to the steenng 



! 39 A satellite, spacecraft or space platform according to claim 38, 

2 compri^gamambodyan^^ 

3 to the main body. 



! 40 A satellite or other spacecraft or space platform comprising a 

2 thruster accenting to claim 2, means for producing a steering signal SIG 

3 indicating a thrust vector required to be applied to the satellite, spacecraft or 

4 platform, and means for applying the steering signal to the steering 



means. 



! 41 Asatemte.spac^iaft or space pktta^ 

2 comprismgan^ambodyandchaxacte 

3 to the main body. 



42 A satellite or other spacecraft or space platform comprising a 
thnrater according to claim 29, means for producing a steering signal SIG 
to^g a thrust vector retired to be applied to the satellite, spacecraft or 
4 platform, and means for applytag the steering signal to the steering means. 
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1 43. A satellite, spacecraft or space platform according to claim 42, 

2 comprising a main body and characterized in that the thmster is connected rigidly 

3 to the main body. 
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